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of water and then slowly dropwise added to the mixture. The reaction was stirred for 24 h under room temperature. THF was removed by evaporation under vacuum, and the aqueous phase was extracted with methylene chloride. The combined organic layer was dried over with anhydrous magnesium sulfate, and concentrated under reduced pressure, which was purified by flash chromatographic column (petroleum ether/ ethyl acetate:1/1) to afford 2. 1 Synthesis of DTH-600-ester. Diethyl 2,5-dihydroxyterephthalate (1.02 g, 4 mmol), K2CO3 (2.25 g, 16 mmol) and 2 (3.5 g, 4 mmol) was charged into a 2-neck round bottom flask.
Subsequently, 32.0 mL of DMF was added under N2 atmosphere. The reaction mixture was heated at 80 ℃ for 24 h. After purified via a dialysis method (Molecular weight cut-off < 2000 g/mol) for a week, polymer DTH-600-ester was obtained after drying by a rotavap. 1 
Synthesis of DTH-600.
The product of DTH-600-ester was dissolved in 90.0 mL of ethanol and 12.0 mL of hydrazine hydrate. The mixture was stirred and heated to 85 ℃ for 40 h, and then cooled to room temperature. Ethanol was removed by evaporation under vacuum, and then the residue liquid was purified via a dialysis method (Molecular weight cut-off < 2000 g/mol) for a week. Polymer DTH-600 (brown viscous liquid) was obtained after drying by a rotavap. 1 
Synthesis of PIM-1 membrane.
To form a membrane, PIM-1 (50,0 mg) was dissolved in CHCl3 (3 mL). The polymer solution was poured into a flat-bottomed glass petri dish (6 cm) and the solvent allowed to evaporate in air for 12 h, giving a yellow membrane of thickness 22 μm.
General procedure for syntheses of polyxCOF-42 membranes.
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The synthesis of the polyxCOF-42 membranes were provided in Experimental Section.
Notably, all reactions possessed >80% yields, which are comparable to the reported yield of COF-42 (78%) under solvothermal conditions at 120 o C for 72 h. In addition, we also tried to make mixed matrix membrane with COF-42 powder and DTH-400 (brown viscous liquid).
We can't obtain freestanding membrane for that DTH-400 was brown viscous liquid and fail to form membrane. This result further indicated that polyCOF membranes were not formed by mixed matrix membrane approach, but with covalently bonding.
Control of membrane thickness.
The thickness of the polyCOF membranes was tuned by just varying the precursor concentrations. Glass beakers of 25 mL were used as reactors, and the content of precursor was varied under identical conditions. DTH (0.00025 mmol) and DTH-400 (0.000125 mmol) was dissolved in the mixture solvent of 1.0 mL H2O and 1.0 mL dioxane as a bottom layer in the beaker. TB (0.00025 mmol) and 525 μL CH3COOH were dissolved in 3.0 mL mesitylene as an upper layer. The reaction was kept at room temperature without disturbance for 48 h. A thin film with thickness of ~40 nm was formed on the interface. FT-IR spectra of the film showed the presence of the -C=N-bonds, which can match well with the corresponding values of crystalline poly2/6COF-42. In order to obtain thinner films, we decreased the concentration of precursor to TB (0.0001 mmol), DTH (0.0001 mmol) and DTH-400 (0.00005 mmol). We have successfully fabricated a film as thin as 4.5 ± 0.3 nm. The atomic force microscopy (AFM) and transmission electron microscopy (TEM) images of this thin film were exhibited in Fig. 4e and S13. Unfortunately, the products are too few to further characterization tests. 
Rejection analysis of dyes using membranes. Rejection analysis of poly2/6COF-42
membrane was measured by nanofiltration process using a home-made cross-flow filtration S7 device (filter housing 12.0 mm). 8 The membrane was equipped into filter housing.
Subsequently, 10 μM aqueous solutions of organic dyes were driven through membrane. The permeate was collected at 0.5 bar upstream pressure. The permeance (P, L m -2 h -1 bar -1 ) was determined by normalizing the volume of permeate collected during the t time. The concentration of dyes in the feed (Cf) and permeate (Cp) was determined by a UV/Vis spectroscopy. The rejection (R, %) of the dyes was calculated based on R=(1-Cp/Cf)*100%.
Procedure for reusing polyCOF membranes for filtration.
PolyCOF membrane can be easily regenerated after filtration experiment. In order to remove adsorbed dye, the filtration device was immersed in methanol. The dye molecules can be easily removed from the filtration device. In this process, we need to replace the methanol was changed for three times. Subsequently, the filtration device was washed with water (5.0 mL).
The filtration device can be directly used as separation in the next runs. (Figure S20-23) 
Solvent vapor stimulus actuations.
Organic solvents were placed in a glass breaker about 20 ℃. Then the membrane (2mm×13mm×11μm) was placed above the liquid phase of the solvent and the response was recorded. The membrane was triggered to fast bending motion, and then pulled back into air to accomplish the shape recovery. The response process was recorded using an Honor 7 for further analysis. The curvature (mm -1 ) was calculated by equation below. 9 r =180L/θπ; Curvature =1/r. L is the length of the actuator (unit : mm); θ the central angle and r is radius of the bended arch. Peaks centered around 32 min are ascribed to the eluent. DTH-400 was not selected to test GPC because the GPC column can bond with the -NH2 groups in DTH-400 which will damage the GPC column. S34 Figure S41 . FT-IR spectra of formed gel in Figure S40 and its reactants. Characteristic stretching at 1617 cm -1 and 1220 cm -1 associated with the formation of the -C=N-bonds were observed, indicated the condensation of the DTH-400 and terephthalaldehyde.
